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© Optical head apparatus. 



© In an optica! head apparatus, a minute light 
beam spot is formed on a recording medium by a 
focusing lens. The focusing lens focuses fight radi- 
ated from a light source to provide the minute light 
beam spot Between the light source and the focus- 
ing Sens, a light intensity or phase distribution con- 
verter is provided, so that the minute light beam spot 
will be a super resoluved light beam spot 
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|l OPTICAL HEAD APPARATUS 



The invention relates to an optical head ap- 
paratus, and more particularly to an optical head 
apparatus which is applied to an information input 
and output apparatus for recording information into 
a recording medium and reading information from s 
the recording medium by use of light 

In an information input and output apparatus for 
recording information into a recording medium and 
reading information from the recording medium by 
mm of light there is a disk-like recording medium ro 
on which concentric or spiraJ tracks- are provided to 
form, recording pits thereon, thereby recording bi- 
nary information into the recording medium in ac- 
cordance with the presence or non-presence of the 
recorded pit The recorded pinslorm^ ^bh the - is 
track by projecting a minute ^ 
tained in accordance with the tte&n^iDf light 
* radiated from a light source. Information thus re- I 
corded in the recording medium is read .from the ~ , 
recording medium by supplying a minute light 20 
boam spot to the track and receiving light reflected 
from the track, thereby detecting the presence or 
non-presence of the recording pit For the purpose 
of recording information into a recording medium 
and reading information from the recording me- 25 
dium, a typical type of an optical hard apparatus 
comprises a light source for radiating tight of a 
predetennined wavelength, a focusing lens for fo- 
cusing the Hght on the recording medium, an op- 
tical system for- separating light reflected on the 30 
recording medium from a path of the light directly 
radiated from the light source, and an optical de- 
tector for detecting the light returned from the 
recording medium. Such an optical head apparatus 
is described on pages 483 to 489 tf "Applied as 
Optics. Vol. 25, No. 4. 15 February 1683*. 

In the optical head apparatus, the smaller the 
diameter of a minute light beam spot focused on 
the recording medium is the better for the purpose 
of increasing recorded dencity. The diameter of the *o 
minute light beam spot depends on the wavelength 
"X" of light radiated from the light source, and a 
numerical aperture "NA" of the focusing lens, such 
that it is proportional to "X/NA". Therefore, the 
development of an optical head app?;atus has <s 
been promoted in a direction that the wavelength X 
is short, and the numerical aperture NA is large, so 
that the diameter of the minute light beam spot 
becomes small. 

Another optical head apparatus is described on so 
pages 553 to 557 of "Journal of the Optical Society 
of America, Vol. 39, No. 7, July 1949" in which a 
theoretical method is studied to reduce the diam- 
eter of a minute fight beam spot on a recording 
medium. In the optical head apparatus, a light 



intensity of a central portion (main lobe) of a fo- 
cused light is lowered in a light incident cross- 
section of a focusing lens relatively to that of a 
peripheral portion (side lobe) of the focused light 
so that a minute light beam spot having a diameter 
less than the diffraction limit is obtained. This is 
known as the super-resoluved beam spot 

According to the former optical head appara- 
tus, however, there is disadvantage that the diam- 
eter of the minute light beam spot projected on the 
recording medium can not be smaller than the 
diffraction limit Therefore, there is resulted in a 
limitation for increasing a recorded density of the 
recording medium. 

According to the latter optical head apparatus, 
there is a disadvantage that although the eihtral 
portion (main lobe) of the focused light can be 
smaller in its diameter than the diffraction limit the 
light intensity of the peripheral portion (side lobe) 
of the focused light increases high. Therefore, 
noise increases in signals read from the recording 
medium to doteriorate a read-out characteristic, 
whore the light intensity of the peripheral portion 
(side lobe) of the focused light increased. 

There is another disadvantage that a light 
source for radiating light of c high cutput must be 
provided, because the central portion (main lobe) 
of the focused light is interrupted to transmit to th9 
recording medium by a light shielding member, 
thereby resulting in the reduction of a light utilizing 
factor. 



SUMMARY OF TH£ INVENTION 

Accordingly, it isthe first objoct of the inventior 
to provide an optical head apparatus in which i 
minute light beam spot having a diameter less thar 
the diffraction limit is obtained to increase a record- 
ing density of a recording medium. 

It is the .'second object of the invention tc 
provide an optical head apparatus in which a pe- 
ripheral portion (side lobe) of a minute light bean- 
spot having a diameter less than a diffraction limi 
is low in its light intensity to increase a read-ou 
characteristic. 

It is the third object of the invention to provide 
an optical head apparatus in which a minute ligh 
beam spot having a diameter less than the disfrac 
tion limit is obtained without the provision of a ligh 
shielding member to the same extent as in th» 
provision of the light shielding member, so that 
Gght utilizing factor is increased to the same levc 
as resulted from no provision of th light shieldin 
member. 
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It is the fourth object of the invention to provide 
an optical head apparatus in which a peripheral 
portion (side iobo) of a minute light bean spot 
having a diameter less than a diffraction fimit is 
lowered in its light intensity, and a light utilizing $ 
factor is increased as compared to an optical head 
apparatus including a light shielding member. 

It is the fifth object of the invention to provide 
an optical head apparatus in which light reflected 
from a recording medium based on a peripheral io 
portion (side lobe) of a focused light is avoided to 
be supplied to an optical detector of s signal 
reading-out system, thereby providing a good qual- 
ity read-out signal. 

K is the sixth object of the invention to provide is 
an optical head apparatus in which a minute light 
beam spot having a diameter less than a diffraction 
limit is obtained soley by adjusting a phase of light 
According to the first feature of the invention, 
an optical head apparatus comprises an optical 20 
focusing system for focusing light radiated from a 
light source on a recording medium to form a 
minute light beam spot thereon by a focusing lens, 
an optical signal recding-out system for transmit- 
ting light reflocted from the recording medium to 25 
an optical detector, and a light intensity distribution 
converting means for reducing a light intensity of a 
central portion (main lobe) of . the minute light beam 
spot in a light incident cross-section of the focusing 
lens relatively io a peripheral portion (side lobe) of 30 
the minute light beam spot the light intensity dis- 
tribution converting means being provided between 
the light source and the focusing lens. 

According to the second feature of the inven- 
tion, the light intensity distribution converting 35 
means of the first feature transmits a central por- 
tion (main lobe) of the light radiated from the light 
source to the focusing lens and interrupts a periph- 
eral portion (side iobe) of the light to be transmitted 
to the focusing lens. ^ 

According to the third feature of the invention, 
tha light intensity distribution converting means of 
the first feature divides the light radiated from the 
light source into plural and paraKel Bght fluxe3 to 
be iransmJuou io the focusing lens. 45 

According to the fourth feature of the invention, 
the light intensity distribution converting means of 
the first feature controls a light intensity of the light 
radiated from the fight source which is incident to 
th focussing lens to maximize a fight amount at a 50 
peripheral portion of the focusing lens and to re- 
duce a fight amount In a central portion of the 
focusing I ns gradually. 

According to the fifth feature of the invention, 
the optical signal reading-out system of the first 55 
feature includes a lens for focusing the reflected 
light and an aperture or a slit positioned at a focus 
of the lens or in the vicinity thereof. 



According to the sixth feature of the invention, 
an optical head apparatus comprises an optical 
focusing system for focusing light radiated from a 
light source on a recording medium to form a 
minute light beam spot thereon by a focusing lens, 
an optical signal reading^out system for transmit- 
ting light reflected from the recording medium to 
an optical detector, and a phase adjusting means 
for adjusting a phase of a central portion (main 
lobe) of the fight radiated from the light source and 
supplied to the focusing lens in its cross-section 
thereof. 



BRIEF DESCRIPT ION OF DRAWINGS 

Tho invention^lU)0 explained in more detail 
in conjunction vnth.?p^nded drawings wherein. 

" fig-; ^ is ^lxpl^oTy dfagram showing a 
conventional opticafftead apparatus, 

Fig. 2 is ^'explanatory diagram showing an 
optical head apparatus in a first embodiment ac- 
cording to the invention, T 

Figs. 3A to 3D are explanatory diagrams 
showing light intensity distribution converters and 
light intensity distribution in the first embodiment, 

Figs. 4A and 4B are graphs showing a light 
beam spot diameter and a ratio between a side 
lobe intensity and a main lobe intensity, respec- 
tively, relative to a light shielding strip width of the 
light intensity distribution converter in the first em- 
bodiment 

Fig. 5 is an expiatory diagram showing an 
optical head apparatu@in the second embodiment 
according to the invention, 

Figs. 6A and 68 are explanatory diagrams 
showing light intensity distribution converters in the 
second embodiment 

Figs. 7A and 7B are explanatory diagrams 
showing other light intensity distribution converters, 

Fig. 8 is an explanatory diagram showing an 
optical head apparatus in a third embodiment ac- 
cording to the invention, 

Figs. 9A to 9C are explanatory diagrams 
showing light intensity distribution converters in the 
third embodiment 

Figs. 10A to 10D are explanatory diagrams 
showing light intensity distribution converters in a 
fourth embodiment according to the invention, 

Fig- 11 is an explanatory diagram showing 
an optical head apparatus in a fifth embodiment 
according to the invention. 

Fig. 12 is an explanatory diagram showing 
an optical head in a sixth embodiment according to 
the invention. 
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Rgs. 13A and 138 are explanatory diagrams 
showing a light phase distribution converter in the 
sixth embodiment and a phase shift amount there- 
in. 

Figs. 14A to 14C are perspective views 
showing three types of light phase distribution con- 
verters in the sixth embodiment 

Fig. 15 is a graph showing a read-out signaJ 
amplitude relative to a recording frequency in the 
invention. 

Figs. 16A to 16C are explanatory diagrams 
showing a light intensity distribution converter and 
light intensity distribution obtained thereby, 

F?gs. 17A and 17B are explanatory diagrams 
showing a light dividing prism and a light intensity 
distribution obtained thereby, 

Figs. 18A and 18B are explanatory diagrams 
showing a light intensity distribution and a configu- 
ration of a minute light beam spot obtained there- 
by, and i 

Figs. 19A and 19B are explanatory diagrams 
showing a slit and a configuration of a minute light 
beam spot obtained thereby. 
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Before explaining an optical head apparatus 
according to the invention, a conventional optical sc 
head^apparatus will be explained in Fig. 1. In the 
conventional optical head apparatus, light is radi- 
ated from a light source 1. and cclfimaied by a 
collimating lens 2. The collimated light is transmit- 
ted through beam splitters 4A and 4B and focused 3s 
on a recording medium 6 by a focusing lens 5. 
Light thus focused on the recording medium 6 is 
reflected from the recording rreaium 6, and is 
dividod to be supplied to an e*ror signal detecting 
system 7 and an information signal reading-out 40 
system 8 by the beam splitters 4A and 4B. respec- 
tively. In the error signal detecting system, track 
and focusing errors are detected to control the 
position of the focusing lens 5. thereby correcting 
the errors. In the information signal reading-out <s 
system 8, on the other hand, information stored in 
the recording medium 6 is read-out in accordance 
with signal light reflected on a track of the record- 
ing medium 8 on which recording pits are formed 
dependent on a content of information. so 

Rg. 2 shows an optical head apparatus in a 
first embodiment according to the invention. The 
optical head apparatus comprises a light source 1 
for radiating fight of a predetermined wavelength, a 
collimating lens 2 for supplying parallel light beam ss 
in accordance with the Bght radiated from the light 
source 1. a light Intensity distribution converter 3 
for converting light intensity distribution of the peral 



lei light beam in its cross-section, beam splitters 
4A and 4B for splitting light reflected from a re- 
cording medium 6. a focusing lens 5 for focusing 
the parallel light beam on the recording medium 6 
to form a minute light beam spot on the recording 
medium 6. a track and focusing error signal detect- 
ing system 7 for detecting track and focusing er- 
rors in accordance with light supplied from the 
beam splitter 4A. and a signal reading-out system 
8 for reading-out signals stored in the recording 
medium 6 in accordance with light supplied from 
the beam splitter 4B. 

The light intensity distribution converter 3 
which is used in the first embodiment will be ex- 
plained in Figs 3A to 3D. in Fig. 3A. the light 
intensity distribution converter 3 includes a light 
shielding strip 31 having a narrow rectangle shape 
■ which is positioned' in the center of the fight beam 
J32.suppfied to the focusing lens 5. The light shield- „ 
? ing strip 31 has a short side along X-axis and a " 
long side longer than the diameter of the fight 
beam 32 along Y-axis. Therefore, the intensity I of 
light incident to the fbcusing lens 3 is distributed 
aiong X-axis as shown in Rg. 3B. As a result, the 
light intensity is distributed along X-axis cn the 
recording medium 6 as shown by a solid line 33 in 
Fig. 3C, where a central portion (main lob ) of the 
solid curve 33 is narrower along the X-axis than 
that of a dotted curve 34 indicating the light inten- 
sity distribution in case of including no light shield- 
ing strip, so that the central portion (main lobe) or 
light focused on the recording medium 6 becomes 
decreased compared with the diffraction limit The 
light shielding strip 31 may be replaced by an 
approximately circular shielding strip 36 as shown 
in Rg. 3D. In case of using such a circular shield- 
ing strip 36, a light intensity is distributed in a 
radial direction of the focused light on the record- 
ing medium 6 in the same manner as the light 
intensity in X axis as shown in Rg. 3A, so that a 
central portion (main lobe) of the focused light is 
shrunk in all radial directions. Where such a minute 
light beam spot having a central portion (main lobe) 
smaller than a diffraction limit is used for writing 
information into the recording medium 6 or reading 
information from the recording medium, a record- 
ing pit smaller than the conventional one can be 
formed to realize a higher recording dencity. 

In operation, light is radiated from the fight 
source 1, and is collimated by the collimating tens 
2. The collimated fight beam is partially shielded 
by the light intensity distribution converter 3 as 
shown in Rg. 3A or Rg. 30. Thus, the light 
distribution-converted beam 32 having the light dis- 
tribution of Rg. 3B is focused on th recording 
medium 6 by the focusing tens 5. so that the 
focused fight having the central portion (main lobe) 
and a peripheral portion 35 (side lobes) are projec- 
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ted on the recording medium 6 as shown in Fig. 
3C, and reflected on the recording medium 6. The 
reflected light beam is divided by the beam split- 
ters 4A and 48. so that light beam supplied from 
the beam splitter 4A is processed in the error 
signal detecting signal 7 to detect a track error and 
.e-focusing error, and light beam supplied from the 
beam splitter 48 is processed in the information 
signal reading-out system 8 to provide information 
read from the recording medium 6. 

Next, the peripheral portion 35 (side lobe) of 
the focused lighj will be discussed in Figs. 4A and 
4B. Fig. 4A shoyfs the relation of a super resolution 
beam spot diameter {main lebe diameter) relative 
to the fight shieling strip width, and Fig. 4B shows 
a relation of a ratio between a side lobe intensity 
and a main lobe intensity relative to a light shield- 
ing strip width. As clearly understood from Figs, 4A 
and 4B, a main (pbe diameter of a beam spot is 
reduced as a width of a Gght shielding strip be- 
comes large, while a side lobe intensity of the 
■ beam spot is increased as the width of the light 
shielding strip becomes large. Where a side looe 
intensity is higher than a threshold value, a read- 
out characteristic of information is thereby affected. 
For instance, a recording error of information oc- 
curs where a side lobe intensity is equal to or more 
than one third of a main lobo intensity. In this 
respect it is required that a width of the light 
shielding strip 31 or 36 is less than one fifth of an 
aporture of the focusing lens 5. The side lobo 
intensity can be more suppressed in the modifica- 
tion of the light intensity distribution converter 3 as 
explained later. 

Fig. 5 shows an optical head apparatus in a 
second embodiment according to the invention, 
wherein like parts are indicated by like reference 
numerals in the first embodiment. In the optical 
head apparatus, light radiated from the light source 
1 is made to be parallel light beam by the collimat- 
ing lens 2. and is reflected by the light intensity 
distribution converter 3 which is also shown in Fig. 
6A or 6B. The light intensity distribution converter 3 
includes a mirror portion 60 and an anti-reflection 
(or low reflectivity) portion 61 of a rectangle shape 
or a circular anti-reflection (or low reflectivity) por- 
tion 62. Thus, a central portion (main lobe) of tho 
reflected light beam Is towered in its fight intensity 
with a cross-sectional pattern determined by the 
configuration of tho anti-reflection portion 61 or 62 
The fight intensity cfistribution-converted light beam 
Is focused on the recording medium 6 to form a 
super resoluved beam spot Light reflected from 
the recording medium 6 is suppliod to the error 
signal detecting system 7 and the information sig- 
nal reading-out system 8 in the same manner as in 
the first embodiment 

»n the first embodiment, the fight intensity dis- 



tribution converter 3 may be replaced by one 
which is shown in Fig. 7A, wherein the converter 3 
includes two light shielding strips 71 each having a 
rectangle shape, so that a narrow and vertical cen- 
5 tral portion of the fight beam 32 is transmitted, 
while two adjacent portions of the light beam .32 
are interrupted to be transmitted on the both sides 
of the central portion. « 

In the second embodiment the light intensity 
to distribution converter 3 may be replaced by one 
which is shown in Fig. 7B. wherein the converter 3 
includes a mirror portion 70 and two anti-reflection 
portions 72 each having a rectangle shape, so that 
the same operation as in esse of using ths con- 
/5 verter 3 of Fig. 7A is realized. In the second 
embodiment an anti-reflection region may be a 
low-reflection factor region. ... ^ '" 

Fig. 8 shows an optical toad jpparaUis^i iV 
third embodiment according to ^ ^the ^Invention- 
20 wherein like parts are indicated by"fike^refer|nce 
numerals in the first and second embodiments.^ - 

In the optical head apparatus, light radiated 
from the light source 1 is made to be parallel light 
beam by the coliimating lens 2. and is divided into 
25 two fight beam fluxes by the light intensity distribu- 
tion converter 3 of a prism having a function of 
dividing light beam. The two light beam fluxes have 
a predetermined separation width corresponding to 
a width of tho aforementioned shielding strip for 
30 shielding a central portion of light beam. The pre- 
determined separation width is adjusted in accor- 
dance vyiui a refractive index, an apex angle, and a 
thickness of the prism.. As a result, a super re- 
soluved beam spot substantially equal to one in the 
os first embodiment is obtained on the recording me- 
dium 6. tight reflected from the recording medium 
6 is separated to be supplied to the error signal 
detecting system 7 and the information signal 
reading-out system 8 by the beam splitters 4A and 
40 4B. 

The light intensity distribution converter 3 in 
which the lighi beam is divided into the two light 
beam fluxes may be replaced by one which is 
shown in Fig. 9A. wherein a collimated incident 

45 light beam is divided into two light beam fluxes by 
a dividing prism 91. and the two fight beam fluxes 
are made to be parallel relatively to an light axis of 
the collimated incidont light by a prism 92. thereby 
providing two light beam fluxes 93 and 94 having a 

so null region 95 therebetween. Fig. 9B shows a sec- 
ond type of the fight intensity distribution convorter 
3 which is used in the third embodiment wherein it 
Includes a reflection mirror 97 having mirror sur- 
faces 97A and 97B and a step portion 97C, so that 

55 two light beam fluxes 93 and 94 having a null 
region 95 therebetween are obtained, when parallel 
light beam Is Incident to the reflection mirror 97 A 
width of the fight shielded region 95 is adjusted 
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dependent on a width of the step portion 97C. 
Therefore, a light intensity distribution conversion is 
realized with ut using a light shielding member to 
the same extent as in case of using the light 
shielding member. Consequently, a super resolu- 
tion beam spot is obtained on the recording me- 
dium 6 by the focusing lens 5- Fig. 9C shows a 
third type of the light intensity distribution converter 
3 which Is used in the third embodiment wherein it 
includes a first diffraction grating 98 and a second 
diffraction grating 99, so that a mfajor portion of an 
incident light amount is diffracted to provide plus 
and minus first order diffractiorfl light fluxes 93A 
and 94A by the first diffraction grating 98 having a 
function as a dividing grating, and the two diffrac- 
tion fluxes 93A and 94A are diffracted to provide 
two parallel Sght beam fluxes 93 and 94 having a 
null region 95 therebetween by the second diffrac- 
tion grating 99 having a function as a direction 
correcting grating 99. The parallel light fluxes 93 
^.*?J? c ! JSed on toe recording medium 6 to 
" form a super resolution beam spot thereon by the 
focusing lens 5. 

Figs. 10A to 10F show light intensity distribu- 
tion converters which are used for an optical head 
apparatus in a fourth embodiment according to the 
invention. The optical head apparatus is ths same 
as the first to third embodiments except for the 
light intensity distribution converter. Therefore, the 
light intensity distribution converter will be only 
explained. Fig. 1 0A and 1 0B show a first type and 
a second type of the light intensity distribution 
converters, wherein the two converters include two 
roof type prisms 101 (Fig. 10A) and 102 (Fig. 10B) 
respectively, wherein a peripheral portion of an 
incident light will be a central portion of an output 
light via a line connected by points A, o' and A, 
and a central portion of tho incident light will be a 
peripheral portion of the output light via a line 
connected by points B. 0 and B\ As a resuit. a 
light intensity distribution as shown in Fig. 38 is 
obtained, so that a super resolution beam spot is 
formed on a recording medium by a focusing lens. 
Fig. 10C shows a third type of the fight intensity 
distribution converter, wherein it includes a prism 
103 which is an integral structure consisting of two 
roof type prisms. Although a direction of reducing a 
diameter of a beam spot is X-axis in the first to 
third types of the light intensity distribution, convert- 
ers, because a roof type prism is used therein, the 
reduction of a beam spot diameter can be realized 
In ail directions, where a conical prism is usod as 
shown In Figs. 10D to 10F. In Figs. 10D and 10E. 
two conical prisms 104. and 105 an combined, 
respectively, and in Fig. 10F. two conical prisms 
are integral with each other to provide an integral 
conlcai prism 106. As a matter of course, the 
reduction f a beam spot diameter in one direction 
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such as X-axis contributes to the improvement of a 
line density or a track density, while the reduction 
of a beam spct differ in the all radial directions 
contributes to the improvement of both lin and 
5 track densities. 

Fig. 11 shows an cpiica] head apparatus in a 
fifth embodiment according to the the invention. In 
the optical head apparatus, light radiated from a 
light source 1 is collimated by a colfimating lens 2 
to and is shaped by a beam shaping prism 111. The 
shaped light beam is supplied to a light intensity 
distribution converter 3, in which the central portion 
of the fight beam is shielded. Output fight beam of 
the converter 3 is transmitted through beam split- 
rs . ters 4A and 4B. and is focused on a recording 
medium 6 by a focusing lens 5. The focused light 
beam is then reflected from the recording medium 
6. and is split by the beam splitters 4A and 48. 
The split light beam of the beam splitter 4A Is 
so transmitted through a flat and concaved lens 1 12 "to^ 
be supplied to- a beam splitter 113, in which the 
light beam is split to be supplied to an optical 
detector 115 for detecting a focusing error «id an 
optical detector lie for detecting a track error. The 
25 optical detector 115 is positioned at a focus of a 
lens 114. The split light beam from the beam 
splitter 4B is focused by a lens 117. at a focus of 
which a slit cr an aperture 118 is provided to 
supply a main lobe component of the split ligm 
oo beam to an optical detector 119 for reading-out 
information stored :n the recording modi urn 6. 

Fig. 12 shows an optical head apparatus in the 
sixth embodiment according to the invention. In the 
optical head apparatus, light radiated from a light 
a* source 1 is made to be parallel light beam by a 
collimating lens 2. and is supplied to a light phase 
distribution converter 121. in which a contra! por- 
tion of the collimated light beam is changed in its 
phase by *. Fig. 13A shows the light phase dis- 
40 tribunon converter 121. in which the central portion 
131 having a narrow and vertical rectangle shape 
of the collimated light beam 130 is changed in its ' 
phase by as shown in Fig. 13B. The narrow and 
vertical rectangle shape may be changed to a 
45 circular shape. The phase distribution-converted 
light beam is transmitted through beam splitters 4A . 
and 4B to be supplied to a focusing lens, by which 
a super resolution beam spot is formed on a re- 
cording medium 6. Light reflected from the record- 
so ing medium 6 is split to be supplied to an enor 
signal detecting system 7 and an information signal 
reading-out system 8 by the beam splitters 4A and 
4B, respectively. 

Rgs. 14A to 14C show three types of light 
55 phase distribution converters which are used in the 
optical head apparatus in the sixth embodiment. 
Rg. 14A shows a first type of th fight phase 
distribution converter 121 which comprises a phase 
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modulation member 122 having a narrow and verti- 
cal rectangle shape fixed on a support 123, 
wherein a central portion of a collimated light beam 
141 is modulated in phase to provide a light beam 
having a phase distribution in its cross-section. Fig. 
14b shows a second type of the phase distribution 
converter 121 which comprises a dielectric mem- 
ber 126 such as UNbOi eta having a p-electrode 
124 and an n-electrode 125, wherein a collimated 
fight beam is phase-modulated to provide a light 
beam having a phase distribution in its cross sec- 
tion. The phase distribution converter 121 operates 
based on the change of a refractive index of the 
dielectric member 128, and an elsctric field is 
applied across the dielectric member 128 vertically 
relative to a propagating direction of the collimated 
light beam 141. "Rg. v 14CThws a third type of the 
phase distribution L,cwv?^t t21 which is the same 
as the second ^jewp)f that an electric field is 
applied across the dieSeSric jtiember 126 horizon- 
tally relative to a propagating direction of the col- 
limated light beam 141. In the third type of the light 
phase distribution converter 121, the p- and n- 
electrodes 124 and 125 must be transparent to 
pass light therethrough. In the second and third 
types of the light phase distribution converters 121, 
a phase changing amount is adjustable electrically. 

Fig. 15 shews a frequoncy characteristic com- 
parison betweon the optical head apparatus of th« 
invention and the conventional optical head appara- 
tus, wherein a frequency at which a read-out signal . 
amplitude is decreased to a half value is increased 
in the invention by 20% as compared to the con- 
ventional optical head apparatus. As a result, a 
recording dencity is increased in the invention by 
20%. 

Finally, the aforementioned light intensity dis- 
tribution converter which is used in the invention 
will be explained in more detail. 

In Fig. 16A a vertical and narrow central portion 
of a collimated light beam 162 is transmitted 
through the light intensity distribution converter, 
and two fight shielded regions are formed on the 
both sides of the central portion by means of light 
shielding strips 161 of the converter. As a result a 
light intensity distribution is obtained in an incident 
light cross-section of a focusing lens as shown in 
Fig. 16B. In this case, the light intensity distribution 
of a focused beam spot is obtainad on a recording 
medium as shown in Fig. 16C by a solid curve, 
wherein a super resolution beam spot 163 is ob- 
tained with first and second order side lobes 164 
and 185, while a first order side lobe 166 is ob- 
tained in case cf using a light shielding strip. 

Fig. 17A shows a light beam dividing prism 
171 in which a collimated light beam is divided into 
two parallel divided light fluxes 172 and 173 having * 
a separation region 174. The dividing light beam 



prism 171 has a thickness and a dividing angle 
Where a gap between the light fluxes 172 and 173 
is equal to a light shielded width, an intensity 
distribution of light incident to a focusing lens is 
5 obtained as shown in Fig. 17B. wherein a central 
portion of the distribution is equal to a light shield- 
ed region, so that a main lobe of a focused beam 
spot is reduced in its diameter. The converter 
provides the reduction of fight amount loss, be- 
io cause the light beam is not shielded. 

In general, where the decrease of a light inten- 
sity is moderate toward a central portion of an 
output Hght beam of the light intensity distribution 
converter, a s:dc !ebe intensity of • focused beam 
15 spot is decreased. Further, where a peripheral por- 
tion of the output light beam is high in its light 
intensity, the main lobe diameter is reduced. These 
characteristics are obtained from a light intensity 
distribution as shown in Fig. ia^ wherein a periph- 
20 era! portion of the output light beam is maximum in 
. »ta fight amount and the light amount is decreased 
toward a central portion of the output light mod- 
erately, thereby resulting in providing the minimum 
value in the center of the output light, so that a 
25 light intensity of a focused beam spot is distributed 
on a recording-medium as shown in Fig. 180 by a 
solid curve 186. The light intensity distribution of 
Fig. 18A is obtained in tho aforementioned fourth 
embodiment. The decrease of a light intensity in 
30 the vicinity of the central portion is equal to an 
embodiment in which a light shielding strip is used, 
so that a focused beam spot having a diameter 
smaJlar than an ordinary beam spot 184 is formed 
in accordance with the effect of super resolution. 
35 Further, a focused beam spot having a diameter 
smaller than that of a focused beam spot in case of 
using a light shielding strip is formod, where light 
shielded widths are equal to each other, because 
the peripheral portion is high in its light intensity. 
40 And. a side lot* 108 is lower in its light intensity 
than a side lobe 187 in case of using a light 
shielding strip. This is applied to the fourth embodi- 
ment as described before. - 

In a super resoluved beam spot, it is impos- 
45 sible to remove a side lobo perfectly. Therefore, a 
side lobo component comes into the read out sig- 
nal as noise, so that a read-cut signal characteristic 
is deteriorated, ft is possible to remove the deterio- 
ration by the provision of a focusing lens (denned 
so re-focusing lens herein) for focusing light reflected 
from a recording medium and an aperture or a siit 
positioned in the vicinity of a focus of the re- 
focusing lens. For this purpose, an aperture or a 
slit defined by two plate members 193, as shown in 
55 Fig. 19A, is positioned in the vicinity of a focus of 
the re-focusing lens, at which a super resolution 
beam spot equal to one formed on a recording 
medium is formed. In the provision of the aperture 



or the slit, a side lobe component 192 is shielded, 
so that a main lobe component 191 is only sup* 
plied to an optical detector provided at a rear stage 
of the apertur or the slit, thereby improving a 
deterioration of a read-out signal characteristic. Fig. 
19B shows a light intensity distribution 194 of the 
main lobe component passing through the aperture 
or the slit 193. This is applied to the fifth embodi- 
ment 

The change of the light phase is also utilized in 
place of the conversion of a light intensity distribu- 
tion, thereby realizing a super resoluved beam 
spot As described in the six embodiment, a col- 
timated light beam which is incident to z focusing 
lens is adjusted in its phase by a light phase 
distribution converter, so that a central portion 131 
-of tteBght team 130 is phase-controlled in its 
CT^^tiori by * as shown in Rg. 13A. In this 
^?'^8 h ? intensity of a focused light beam is 
'distributed to provide a super resolution beam spot 
equal to one as shown in Rg. 3C by a solid curve 

33. The main" lobe of the beam spot can be smaller 
in X-axis direction on a recording medium than a 
diffraction limit in a contrast of the main lobe in the 
conventional apparatus indicated by a dotted curve 

34. This is explained in the sixth embodiment. 



Claims 

1. An optical head apparatus, comprising: 

a light focusing system for focusing light radiated 
from a light source on a recording medium to form 
a minute light beam spot on said recording me- 
dium by means of a focusing lens: 
an information reading-out system for reading-out 
information stored in said recording medium in 
accordance wilh ttvj receiving of light reflected 
from said recording medium; and 
a light intensity distribution converter for reducing a 
light intensity of a central portion of said light 
radiated from said light source relatively to a light 
intensity of a peripheral portion of said radiated 
light In a cross-sect*on of light incident to said 
focusing fens. . 

2. An optical head apparatus, according to 
claim 1: wherein 

said fight intensity distribution converter, includes: 
a light shielding means for passing light in a central 
region of said cross-section and shielding light of 
adjacent regions on both sides of said central por- 
tion in said cross-section. 

3. An optical head apparatus, according tc 
claim 1 or 2, wherein 

said light intensity distribution converter, includes- 
a light dividing means for dividing said radiated 
fight Into plural and parallel light beam fluxes. 



4. An optical head apparatus, according to any 
of claims 1 to 3. wherein 

said light intensity distribution converter, provides: 
a light intensity distribution in which a light amount 
s is maximum at a peripheral portion of said focusing 
lens and is reduced towards a central portion of 
said focusing lens moderately. 

5. An optical head apparatus, according to any 
of claims 1 to 4, wherein 

io said information reading-out system, includes: 

a light focusing system for focusing said reflected 
light by means of a focusing lens:!and 
a means selected from an apertwje and a slit, said 
means being positioned at a focuj of said focusing 

is lens for said reflected light j 

6. An optical head apparatus, comprising: 

a light focusing system for focusing light radiated 
from a light source on a recording medium to form 
a minute^ light beam spot on said recording me- 

20 dium by means of a focusing lens; 

an information reading-out system for reading- out 
information stored in said recording medium in 
accordance with the receiving of light reflected 
from said recording medium; ana 

25 a light phase distribution converter for shifting a 
light phase of a central portion of said light radiated 
from said light source in a cross section of fight 
incident to said focusing lens. 
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